Electric arc injuries tend to be very severe and can cause skin burns by direct heat exposure or by igniting clothes. It produces intense heat, and fatal lesions can occur even when the victim is several feet from the arc. A fatal case of accidental high-voltage electrocution is reported, where multiple skin to bone-deep oval and circular lesions of varying dimensions caused by arcing was present.
CASE REPORT
A 45-year-old man was found dead in the farm near an electric pole in a local hamlet of Mangalore, India. Preliminary investigations by police authorities revealed that the deceased person was a known thief, who used to steal the electric cables. The incident occurred in the rainy season. On the fatal day, the weather was windy and the deceased climbed an electric pole to cut the live electric cables that supplies 11 KV current and got electrocuted. He was found dead in the early morning hours by the farm workers. The body was lying near the electric pole in a wet muddy surface in supine position. The tools used for cutting electric cables were found nearby the body. A browncolored half-sleeved shirt and a green-colored traditional wrap-around cloth (lungi) were present on the body. The wrap-around cloth in this coastal region is tied around the waist and is usually folded above the knees while climbing the pole or tree. The lungi was partly burnt at places. Mud particles were adhered to the body and clothes at places.
Postmortem examination was conducted at the department of Forensic Medicine, Kasturba Medical College, Mangalore. The external examination revealed the deceased to be a moderately built and moderately nourished adult man with dark complexion. Rigor mortis was present all over the body. The face was congested. Bluish discoloration of nail beds was present in both hands. Multiple skin to bone-deep oval and circular lesions of sizes varying from 6 ϫ 4 cm to 2 ϫ 1 cm were present on the lateral surface of knee and upper two-third portion of the leg on right side (Figs. 1, 2). Three oval-shaped skin to bone-deep lesions were present on the lateral surface of the left lower limb from above downward, measuring 6 ϫ 3 cm, 4 ϫ 2 cm, and 5 ϫ 3 cm over the lower half of thigh, knee, and the upper half of leg, respectively (Fig. 3 ). The margins of the wounds were irregular, charred, and hardened. Skin burns with blackening and blisters were present over the anterior and lateral surfaces of the lower half of left thigh and upper half of left leg (Fig. 3) .
The internal examination revealed edematous brain and lungs, normal heart with patent coronaries, mild degree of atheromatous changes in aorta. Stomach contained undigested rice and vegetable particles without any abnormal odor. Liver, spleen, and kidneys were congested.
Skin lesion was subjected to histopathological examination, which revealed adipose tissue and muscle bundles with foci of necrosis of collagen bundles. Cause of death was opined as electrocution and the manner as accidental, based on postmortem findings and crime scene investigation by the forensic team.
DISCUSSION
High-voltage injuries can be grouped into "true high-tension injuries," which are caused by an electrical contact, and "burns because of flash and ignition of clothes." 6, 7 True high-tension injuries cause extensive damage to soft and bony tissues. Depending on the voltage and the resistance offered by skin there may be scorching, blackening, and even charring of the skin. Heat generated in high-voltage electrocution may cause atomization of metallic electric cable and minute particles of metal from conducting surface may be deposited in the burns. Flash injuries, on the other hand, occurs when there has been an arc of current from a high-tension voltage source. The heat produced by this arc can cause superficial burns to exposed parts of the body. Because of heat, the superficial tissue may shrivel out or tear, giving appearance of an abrasion or a laceration. Clothing can also be set alight, resulting in deeper burns. 7, 8 Joule heating has long been considered the principal component of tissue damage in electrocution. However, a nonthermally mediated mechanism, "electroporation," has been shown to be responsible for tissue necrosis without the visible thermal changes. 9, 10 If the contact time is brief, nonthermal mechanisms of cell damage will be most important and the damage is relatively restricted to the cell membrane. When contact time is much longer, however, heat damage predominates and the whole cell is affected directly. 11 Electrocution may cause a disturbed balance between clotting sys-tem and fibrinolysis resulting in thrombosis of blood vessels, which causes progressive tissue destruction. 12 Greater damage occurs to the main arteries than small arteries, which can cause severe neuromuscular damage resulting in amputation of the limb. 13 Muscle damage gives rise to rhabdomyolysis, and renal failure may occur with these injuries.
An electrical arc is a current spark that travels across a gap between electrically charged surfaces. It occurs when 2 surfaces approach each other, before the 2 halves of the interface actually touch. Also, it occurs when 2 contact surfaces separate from each other by breaking the current path in the circuit, which is usually seen when large current and voltage loads are interrupted. It generates a temperature of 3000°C to 20000°C and crosses 2 to 3 cm for every 10000 V. 8 Arc injury occurs when the victim becomes part of the arc itself. Circumscribed burns occur in the portions where the arc contacts the victim's body surface giving rise to a "crocodile skin" appearance. 14 The burns occurring from contact or proximity to a high-voltage line are known to present as numerous individual and confluent areas of third-degree burns. Multiple burnt or punched-out lesions of varying depth are produced because of the arc dancing over the body surface. 8, 15, 16 In the present case, the arcing can be attributed to windy weather. The victim while attempting to cut the high-voltage electric cable got electrocuted. Multiple circumscribed skin lesions of varying dimensions and depth with burning of adjacent as well as deep tissues were observed on the right lower limb. Flash burns with few circumscribed lesions were observed on the left lower limb.
Histopathological appearances of contact lesion in electrocution are often controversial. The changes that were earlier claimed to be specific for electrical lesions, have been shown to be seen even in thermal burns viz., vacuolation in epidermis and dermis, detachment of epidermis, and elongated epidermal cells with horizontally stretched nuclei of lower layers. 14 A portion of skin lesion was subjected to histopathological examination, which showed evidence of necrosis of collagen bundles.
Deaths in high-voltage electrocution can be because of cardiac asystole, arrhythmias, respiratory arrest, and trauma, secondary to fall from height. 5, 14 Usually no findings will be demonstrated in cardiac asystole and arrhythmias. A marked congestion and cyanosis of the face may be seen in respiratory arrest caused by spasm of intercostal muscles and diaphragm. Also, findings in internal organs may be absent, because the internal tissues are largely aqueous and contain conductive electrolytes, the current pathway is usually too diffuse to cause thermal damage. 14 However, in fall from a height, injuries to internal organs may be demonstrated.
In the present case, congestion of face and other internal organs with cerebral and pulmonary edema that are nonspecific findings of electrocution were observed. There were no internal injuries. This article emphasizes on the fact that the classic skin lesions caused by arcing along with the circumstantial evidence are vital in deciding the cause of death in fatal electrocution.
